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1 



Energy absorbing device, and shoulder belNtvoe aircraft seats. 
comprising such energy absorbing device. 

5 Background of the invention 

The invention relates to a nnechanlcal device designed to dissipate 
idnetic energy, 6uch as In partiojlar to dissipate (part of) ttie idnetic 
energy of an aircraft passenger seat and its occupant, when involved In a - ' 
10 suryival>le emergency landing. 

More particular^ the invention relates to such a device which can l>e 
used in connection with aircraft seats provided with shoulder bette. 

Several energy absorbing systems for transport category aircraft seats 

15 have been proposed in the arL 

Most of the know systems are however designed to absorb ttie energy in 
the underfirame structure of the seat R^rence can for ftistence be 
made in this respect to the fblkiwing patent publications : DE 440 57 53, 
GB 2243540» US 5.699.984. US'5.069.S05, 

20 US 4.861.103. 

These known syst^s present serious drawbacte in view of the new 
standards for seats In transport category alrcrafts issued in June 1988 by 
the U.S. Federal Aviation Administration ( FAA ) and the European Joint 
25 Aviation Authorities ( JAA ). to Improve the chances of passenger survival 

in emergency landing. Essentially the new rules are contelned in the 

FAR/JAR 25-561/562. Of utmost Importance to the background of this 
Patent, is the section prescribing : 
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1. In § A and § B, the emergency tanding conditions governing the 
design of the seat and restraint system supposed to protect the 
passengers. 

2. In § C , a set of performance pass/fail o-iteria, related to the human 
body tolerance to impact loads, that must not be exceeded dunng the 
dynamic tests conducted in accordance with § A and § B of this 
section, in partfOilar the Head injury Criteria ( HIC ). 

The above set of criteria for seats design is well known by the Air 
Transport Industry 

Aircrafts & seats manufacturers since June 1986. it appears however 
that the new performance standards prescribed in § C didn't receive 
appropriate attmtion. 

Most of the redesign effort was focused on the seat structure U> comply 
with the § A and § B, leaving the protection of the occupants to a 
patchwork of partial measures for most of the requirements of § C, 
resulting in no solutton regarding the HIC, with however the e)«;eption of 
an inflatat>le lap belt s^tem, derived from the air-bag technology; 
assodated to a conventional seat structure. 

According to ttie new rules, the former impact load recpiired to be 
sustained i>y the seat staicture. and its tie-down to the floor, was raised 
from a 9 g static load to a dynamic impact pulse triangulariy shaped, 
25 peaking at 16 g. To meet that oorKiltion, most seat manufacturers 
. . developed various means to absorb parti^f . the kinetic energy, invotyect. In 
order to smooth off the peak of the 16 g pulse at a level acceptable by 
both the structure of the seat and its tie-down to the floor. 
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Thi$ process has however its limitations : 

Because the space available between seat rows is limited, to 
protect the egress path of the passengers in emergency 
conditions, the maximum stroke allowed to the seat struc^re by 
5 any type of energy absoiption device Is limited to 3 inches by the 

ainvorthiness authorities. 

While this strol<e might provide some smoothing off the peaic 
dynamic pulse, it has practicably no effect on the occupant 
excursion. Instead . he will be allowed to pick-up speed relatively to . . 
10 the seat or the bulkhead In front, resulting in a secondary impact of 

the head which can be lethal. 

In view of this, one approach to meet the new requirements will probably 
involve the use of shoulder belt type passenger seats in transport 
15 categoiyafrcrafte. 

Only few energy absorption ^sterns have been proposed which can 
affect the backrest of the seat and can therefore t>e used on such 
shoulder belt type passenger seats. 

20 Thus, for instance. US 6^09.955. invohdr^ a defonnable back seat 
structure. US 5«676.421 proposing multiple fragmentation pins on the 
back seat US 5.320.308 proposing a structural "breakover* device in 
association v^th a firfcfion brake or clutch arrangement on tiie seat back, 
or EP 0 651 957 proposing a back seat structure with damping structural 

25 parts. 



DE 18648974 proposes a rather complex energy absorption de^rice» 
involving torsion bars and breata^Ie connecting pieces, to be used on 
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the underframe seat structure as well as at different levels of the back 
seat structure. 

US 4.688.662 on the other hand describes an energy absorber system 
on the interconnection of the seat bottom frame and the seat back firame 
5 The system utiPses a pair of housings having lacing cavities and a hollow 
defomiable torsion member intenxinnecting the housings. 
These state of the art energy absoiption systems show several 
drawback with respect to the new criteria refrared to above. 
• It is the object of- the present inventton to provide an absoiption- device ■ • • 
10 whidi meets the following objectives : 



1. To restrain the passenger's body in the required dynamic condittons 
by means of a shoulder harness, single or double, featuring one or 
two attadiments at the top of the fiBn^ of the backrest, in association 
15 with a lap belt, as currently used in automotive or other aircraft 
applicafions, 

comprising rotatton means allowing the backrest to break over when 
loaded forward by the shouMer b^ts, when the said loads ecert a 
momentum exceeding a predistermlned statte resistance momentum 
20 on a specific part of the device. This component is working direcQy 
against the fuvclt shaH of the badvest and is allowed a rotafiortal. 
energy absorbing stroke, with the same angular amplitude than the 
baclcrest breakover, under (instant application of ^e predetennined 
momentum; 

25 to extend this protection to scenarios of successive impacts Including 

the fUli range of loading less than, and up to, the ultimate required in a .... 

variety of directions, while keeping the energy absorption capacity to 
sntooth off ttie peak of the impact pulses at the predetermined and 
built-in value. 
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To allow Ihe return (or rebound) of the oiccupant to his Initial raised up 
position after eadi Impact breakover. 

2. To perform all functions In normal use by the passengers and crew, in 
5 particuiar iSne control of the backrest redine as pn>vtded for In 
conventional seats. 

The backrest recline control device is characterised by its integration 
with the breakover oonuoi system, working on the same backrest 
shaft, sharing the space available with the energy absorption system 
10 In the breakover mode. FuncGonally tfie two systems are 
independent and provisions are made to avoid any interference in the 
range of designed angular motions of the backrest, either In recline 
or in breakover. 

15 3. To provide for easy selection of recline and break-over angular 
limitations, as r^uired by the cabin layout, and oirrent regulations. 
Specific means to select the range of angular motions are provided, 
for use by the maintenance crew. 

20 4. To make use of oonventtonal technokigy In the design & 
manufocturtng. 

5. To design for the lowest pos^ble weight and productton cost 

25 6. To desi^ for a minimum maintenance cost 

7. To be compatitrie with a conventloned seat configuretton & its 
instailaUon in a cunrent. pressurised, transport category alrcreft . 
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Sumnnary of the invention 

The invention thus provides for an aircraft seat for equipment with 
shoulder belts connected to the seat backrest, comprising an energy 

5 absoriaing device acting on the seat bacl<rest, in which said energy 
absorbing de>^ce comprises a casing, connected to the lower seat 
stmcture and a shaft connected to and extending laterally In the lower 
portion of the seat backrest, or vice versa, vAiereas said casing £und said 
shaft are rotably-interconneeted \Aa- ....... 

10 deformable energy absorbing means, comprising at least one annular 
area of plastically firagmenlable material, opposing tiie rotetion of said 
shaft with respect to said casing in a first dirsction. corresponding to a 
movement of said seat backrest into the flight direction, 
arul via 

15 releasat^ retention means altowing the rotation of said stiaft with 
respect to said casing into the direction opposite to said first direcQon, 
(»rresponding to a t>ackleaning direction of tils seat badcrest, without 
acting on said energy absorbing means, whereas the rotation of said 
shaft vAlh respect to ssud casing into said first direction is subjected to the 

20 reaction of said energy absorbing means. 

Aooordlng to a prefenred «nbodiment of the Invention, said deformable 
energy Absorbing means preferably comprise 

et least one disc with at least one radially positioned annular area of 
25 plastically fiagmentable material, and 

• • at least one .stop plug acUng upon said armuiar area of flRagmentable . 
material in said disa 
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Acccnding to a more preferred embodiment of the Invention, said 
defomiable energy absorbfng means comprise two discs with at least two 
radially positioned annular areas of ptasticaily fragmentable material* and 
at least two corresponding stop plugs; most preferably the energy 
5 absorbing means comprise 

two to four radially positioned annular areas of plastically fmgmentable 
material, each extending over an angle of 0,4 to 3 radiant, and two to 

four corresponding stop plugs. 

». .. .... . ^ 

10 The plastically fragmentable material of the annular ftagmentation areas 
is preferably elected from aluminium, akimlnium alloy 2024 T3, 
aluminium alloy AU4G1, or any other metal, synthetic or composite 
material having equivalent properties. 

15 According to a further preferred embodiment of the Invention, eaid 
reieasable retention means preferably comprise a ratchet wheel 
mechanism providing fi}»d connection of said shaft vi^ respe<^ to said 
defbmnable energy absorbing means in said first direction, while 
providing free -rotation of said shaft with respect to said defbmiable 

20 energy at>8ort}ing means in said opposite dirscHon. 

Said shaft preferably comprises a grooved part interconnecting said shaft 
to a corresponding grooved aperture in said detbrmabte energy 
absorbing means, said reieasable retention meais, said disc(s) with 
25 radially positioned annular area(s) of plastically fragmenteble material 
* ' ' ' anctfbrsaid ratchet wheel mechanism. - — ' 

According to a further feature of the invention^ a separate conventional 
backrest recline control may In addition be integrated into said energy 
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absorbing device, whereas said di3C(s) with one or more area(s) of 
plastically fragmentable material further comprise one or more 
corresponding radially positioned annular open areas, allowing rotation of 
the d{sc($) from a referenced position, defined with the baclaest in 
5 upright position, into a direction opposite to the annular area of ptasticatiy 
fragmentable material. The slot width of said annular open area should 
suitably be slightly larger than the diameter of the stop plug to allow free 
rotation in the bacideaning direction, without acting on the energy 
absorbing means nor matdng use of the reieasable retention means. 

10 

The seat preferably «)mprises one energy absorbing device at one side 
of the seat, whereas the seat backrest is interconnei^d, on the 
corresponding side of the seat, to said energy at>sorbing device via a 
gprooved shaft, and, on the other side of the seat to the energy absorbing 
15 device of the adjacent seat or the seat structure, via a free rotating axle. 

It has further been found that In the aircraft seat aooording to the 
Invention, the axis of rotation of the bacloeet has preferably to be moved 
fpnvard to avoid the. bulk .of the energy absorbing device protruding 
20 beyorKi the rear envelope of the seat This position is different finom the 
current position of the reclining aids on omventional seats which are 
mostly located in tiie vidnlty of ttie bacloest frame. 

Resulting from this position of the badcrest rotation axis, to make 
25 proviston for passenger oomfOrt in Vn& lower back area, the shaft Is 

. _ pref^rablyjspUt in two. parts on the left and right.^klejof.the backrest 

frame, ttius abiding to instil a shaft crossing the full wMth of flie 
tsackresL This configuration leads to concentrate the momentum of the 
t>ackrest to one ^de of ttie firame engaged through the shaft in ttte 
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eneigy absorbing device, ttie other side being a free rotation shaft with 
no rnomentum capacity. This design decision, resulting in one energy 
absort>ing unit per bacitrest, has proved to be the most economical in 
weight and cost, as well as compatible with the curved shape of a 
6 pressurised aircraft cabin, forbidding instailation of an energy absorbing 
device on outboard seats in most seating iayoute. 

One of the additional design objectives of the invention is to provide a 

baokrestcontrol device with a dual capability : 

10 > In normal use, to rontrol the recline at the 

choice of the passenger, 
> In emergency use. to control the breakover 

t>y a preset energy atisorblng device. 

15 X, To save space and vvefght, the energy absorbing device according to 
the Invention combines the two functions In one device as coihpact as 
possible, located under the armrest, working on the common shaft in 
connectfon with the backrest frame. 

20 This offset position of the shaft has a positive effect on the safefy and 
comfort of the passenger. 

Indeed, In this positron, the axis of rotation of ttie backrest frame Is closer 
to the natural body hip joint tiian In conventional seats. As a t^lt, when 
reclining for comfort, or breaking-over for safety, the rotation of the upper 
26 torso matches dosely the rotation of ttie bac^ci^ and avoids 

- uncomfortable t^cKfriisaoji Jn.repnjpe..jAfhil^kee(3Jng ttie. initial shoulder.. 

belt position in breaknyver conditions. 



(£UERS & UflNDER HREGHEN 3 ^^32 
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As a further bonus, for maintenance purpose, it appears that the of^t 
position of the baclcrest shaft offers an easy access when dismounting 
the backrest from the seat main frame. To that end the shaft of the 
bad<rest. featuring longitudinal grooves to transfer all momentum 
5 controlling the backrest angle, may allow, by axial motion, an easy 
disassembling of the backrest from the main seat frame. 
This feature is also partially used for allowing a full breakover when 
required by a stretoher Installatton. 

10 As the annular area, expected to absorb energy of a single impact, 
corresponds to the angular rotation of the back-rest during application of 
the Impact loads, and as this rotatton is limited to an angle matching the 
available stalking distance ahead of the occupant, it results that the 
angular capacity of the annular area Is from throe to four times the 

15 capadty needed to absorb a single Impact ■ 

The energy ab$ort>ing mechanism according to the Invention can 
therelbre be designed to use this redundant capacity to cope with 
. successive Impact scenarios. 
20 Introducing a ratchet whe^ in between the shaft of the backrest and the 
discs supporting the annular area, altows the rebound of the backrest 
while keeping the disc in the positton reached by the previous impact 

Ipso fiacto, the return of the backrest to its Initial upright position meets 
25 the requirement limiting the breakover, and/or penmanent defonnation. 
• — ' • especially wheruthe seat would be Installed next to an emeigencyexltv 

This capadty to retunrt to Initial position and be available for a second or 
a third impact is a distinctive advantage of the device according to the 
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invention over tiie inflatable lap belt or any type of energy absorbing 
devices working on the seat structure. 

5 Tiie shaft, constituting the axis of rotation of the seat backrest, is 
therefore preferably positioned substantially along or in the vicinity of the 
hip joint axis in the profile of an average occupant (i.e. the men and 
woman SO%ile occupant, well Known in the art). 

10 The energy absorbing device described above has a triple function in the 
aircraft seats accmding to the invention : 

absorption of the enei^ on the base structure of the seat; 

control of the headpath excursion of the head and upp^ 

body of the occupant 
1$ - reduction of the deceleration applied to the upper body p^ 

of the passenger. 



The .inventton also relates to an energy absorbing device, per se, 
20 comprising a shaft and a casing, in which the shaft and tfie ca^ng are 
prefsr^ly rotabiy interconnected via 

defomfiable energy absorbing means, comprising at least one annular 
area of plaeticaliy fragmentable material, opposing the rotation in a first 
direction, of said ishaft with respect to eaUl casing, and vfa 
25 releasable retention means altowing the rotafton of said shaft vWtti 

.respect.to said>*casing-intQthe dlrecOon-opposIte.to said .first-direGtlonj""—- -f 

virithout acting on said energy absort>ing means, white subjecting the 
rotatton of said sttaft vidth respect to s^ casing into said first direction to 
the reaction of said energy absorbing means. 
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According to a preferred embodiment of the energy absorbing device 
according to the invention, said deformable energy absorbing means 
comprise 

5 at least one disc with at least one radially positioned annular area of 
plastically firagmentable material, and 

at least one stop plug acting upon said annular area of firagmentable 
material in said disc. 

10 The deformable energy absorbing means. preferably comprise two discs 
vvith at least two radially positioned annular areas of plastfcally 
fragmentable material and at least two oonesponding stop plugs; the 
energy absorbing means may for instance comprise two to four radially 
positioned annular areas of plastically fragmentable material, each 

15 extending over an angle of 0,4 lo 3 radiant, and two to four 
corresponding stop plugs. 

The plastically ftagmentable material is preferably selected ftom 
20 aluminium, aluminium alloy 2024 T3, aluminhjm alloy AU4G1. or any 
other metal, synthetic or composite material having equivalent properties. 

According to another prefenred feature of the energy absorbing device 
according to the invention, said releasable retention means comprise a 
25 ratehet wheel mechanism providing fixed connection of said shaft with 

.respeclto 6aid.defonnable energy absorbing. means. in sald-first^llrection.. 

while providing finee rotation of said shaft with respect to said deformable 
energy absorbing means in said opposite direction. 
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According to still another preferred feature of the invention, said shaft 
comprises a grooved part interconnecting said shaft to a connesponding 
grooved aperture in said deformable energy absorfcnng means,' said 
releasabie retention means, said disc(5) with radially positioned annular 
5 area(s) of plastlcaliy fragmentabie material and/or said natciiet vWieel 
mechanism. 



Brief description of the drawings 



10 Fig. 1 A & 1 B : Isometric view of a typical assembly of a backrest and 

three point shoulder harness, mounted on a seat 
stnicture via a grooved shaft on one side and a free 
rotation axis on the opposite side. The grooved shaft 
is engaged In the energy alisorbing dew'ce according 

15 to the invention. 

Rg. 2: Isometric view of tiie energy absorbing device according to the 
invention. 



20 Fig. 3 : Exploded view of the energy absoAirtg device according to the 
Invention. 



Rg. 4 : Side >new of a disc assembly containing a disc, a ratchet wheel, 
3 ratdiets, ratchet axles and springs ; the annular area divided 
25 in the energy atisorbing semi circular path and the free vedine 
. jsl0t,.separatBd..bytbe.8ta]Bp stop plug 
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Rg.5: Side view of a di$c $howing tiie configuration during ttie 
forward impact, when the disc rotate and the material of the 
annular area is fi^gmented by the static stop plug 



5 Fig. 6: Isometric view describing the configuration of the discs 
components during the rebound phase after the fonMard initial 
impact 

Fig. 7 : Isometric view showing the configuration of the recline control 
10 sub-assembly during the tiacicrest redme function 



Detailed description of the invention 

16 The Ibllovwng is a deteiiied desoiptlon of a prefened embodiment of the 
invention, as illustrated in ttie attached drawings. 
It will however be appreciated by anyone sidiled in the art thai many 
modifications and variations of the Invention are possible In the light of 
the above teaching an^ within the boundaries of the appending claims, 

20 without departing firom the general scope and spirit of the Invention. 



The energy absorbing device according to this embodiment of the 
invention, for use on an aircraft passenger seai^ Involves : 



25 A casing. In the general shape of a flat c^inder containing the wortdng 

parts Qr.jU)e j^nergy. ^soribitng function,., including., essentiaily.a grooved 

shaft extending transversely in the adjacent bacicrest frame to 
engage In the internally grooved section of the adjacent bactoest 
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bracket, to form a rfgM connection in torsion between the t>ackrest fiame 
and the energy absorbing device. 

Each casing is also rigidly fixed to the seat bottom frame. 
Inside the casing, the grooved shaft engages one disc (or wheel), 
5 featuring matching Internal grooves, to the effect that the discs will be 
fort»d by the grooved shaft to follow all angular rotations, in recline or 
breakoverof the backrest 

At the periphery of the discs { or wheels ). an annular path Is provided in 

a semi circular shape about the shaft axis. In this path, the material Is 
10 reduced in thtekness to leave a relatively thin web featuring a limited 

strength, dedicated to absorb energy by material fragmenting process, 

when forced against a static stop plug Inserted at a spedfic point 

perpendicular and through the disc In the annular pro^'ded area. 

The said static stop plug, mounted parallel to the shaft. Is of such length 
16 as to extend through the casing at both ends after closure of the casing 

cover plates. 

In this position the plug will oppose a firm stop to the rotation of the disc 

In the direction and under impulse of the backrest breakover. 

in the opposite direction, corresponding to the backrest recline, the .disc 

20 is free to rotate as the concerned area has been, open to rt>tatlon by a 
curved annular slot whose width exceed the diameter of the static stop 
plug. The designed arc of the slot is such as to allow the ma)dmum 
designed recline angle that the occupant of the seat might Wish to adopt 
by use of a conventkinal control. 

25 The breakover area features a restriction to the disc, and the associated 

... - . .backrest, in-the.breakover«rtaHon. This restrtetkm could. be-a- reduced - 

width, smaller than the diameter of the static stop plug, or a web of 
limited thickness, or a combination of both, tuned to provide by the 
resistence of the stop plug, a semi circular path opposed to the lOtatton 
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of file backrest up to a predetermined value of the brealcover momentum. 
When this value is exceeded by the Impacts conditions the disc start to 
rotate and absorb energy by materia! fragmenting. 

5 The energy at>sorblng ^s^m of this example in particular involves a 
plurality of discs mounted in parallel on a common shaft a>nnected to one 
individual baci<rest 

They are similarly provided In the annular area, to propose each a free . 

slot for backrest redine and a reduced thickness-slot for energy absorption 

10 by material fragmenting process. The stop plug is installed the same way, 
through all discs and the casing static 
support, to perform the.same stopping function. 

The energy absorbing system of the example In particular also comprises 
15 two static plugs mounted in parallel w^th the shaft, positioned diametrically 
opposed In the annular area and sharing equally the available arcs 
dedicated for clearing the recline on one side and absoria the energy, on 
the other side, as required by the operational and or impact conditions. 

20 The energy absortring system according to this example furthermore 
comprises a ratchet wheel, insteiled between the shaft and each one of 
the discs, so that the torque applied by the breakover of the badcrest Is 
transmitted to the discs by a set of spring loaded ratchete. 

25 In the energy atssorbbig, system according to the example, the dimensions 

. .. ._. , of the JToroed-slots". in the. breatovec area^of the xllscsr ace-such that, after — ' - • 

an impact, the discs will be retained by Jamming on the steUc plugs in the 
position reached at tt)e end of the. impact pulse. In this situation, the 
ratohet wheels will enable the backrest to return to its Initial upright 



# 
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position, and the system will be ready to perform the same function of 
energy absorption, starting firom the new position of the discs. 

In the energy absorption system according to the example, tfie total arc 
5 provided for energy absorpt'on. has a capacity to absorb a succession of 
brsat(over impacts amounting, for example, to three impacts using each 
an average arc of 30% up to a total (rf 90" arc 

The energy absorption system acoording to the example, comprises 4wo .v- . . 

10 discs, mounted in parallel on the common shaft, allowing installation of a 
rQdine control fever in between. In selective assodation with the common 
shaft, to allow control of the recline of the backrest by the occupant of the 
seat. The seledBve association is meant to control the recline only while 
leaving the possibilily for backrest tnneakover without the angular limitations 

15 of a conventional recline system. 

In the following description, any element identified by a number in one 
drawing will represent the $ame element in any other drawing. The 
following is a list of the major wcn'king elements : 

20 

Energy absorbing device assembly - short name : OlSCOLOCK (1) 
Casing (2) 
Casing cover (3) 
Grooved shaft (4) 
25 Free rotation axle (5) 

Dlsc-(Qrdis(»)cbamber„(6) _ 

Recline control sub-assy (7) 

Redine lever (8) 

Redine transmission wheel (d) 
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Breakover control sub-assy (10) 

Disc sub-assy (11) 

Disc frame & annular area (12) 

Disc annular energy absorbing section (1 3) 
5 Disc annular material area fragmented during Impact (14) 

Disc annular recline slot section (15) 

Ratchet wheel (16) 

F^atohets & axles (1 7) 

•■ ' ftatchet springs &a5des (18) 

10 Static stop plug (19) 

Seat primary structure (20) 

Bado-est stnj(^re assemb^ (21) 

Backrest con&olled rotatkm bracket (22) 

Backrest finee rotation bracket (23) 
15 Shoulder harness assembly (24) 

Diagonal shoulder belt (25) 

Casing opening for recline lever (26) 

Lug ( casing internal €»c(ensicm ) (27) 

Angular gaps in rmdihe control assembly (28) 
20 Grooved shaft lateral stop cover (29) 

For the convenience of description, a forward direction and a rearward 
directton are defined by corresponding arrows relative to the perspecth^e 
of a person sitting nomtally in passenger seat 

■'25 

- The 'device' (iy "is a' mechanical* rotative energy absorbing device,- 

designed to dis^pate part of 0ie kinefa'c energy of the occupant of a 
passenger's seat, in a Transport Category Aircraft, when decelerated In a 
forward dynamic impact. 
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The device is fixed to the seat primary structure (20) and works in 
association with a bacioest structure (21) on which a shoulder belt (25). 
Is attached. 

5 The shoulder belt (25) is associated with a tap belt (26) as parts of a 
fliree point shoulder harness assy (24) (ref. to figure 1 ). 
The device controts the use, as a stopping distance, of the space 
available for brealcover in front of the occupant, to the effect ttiat the 
' occupant head path in the direction of forward inerb'al load will be 
10 reduced and to avoid any lethal contact vtrith any aorcraft interior partition 
or seat in front, or any other interior feature. 

The device is working, via the grooved shaft (4). through tiie structure of 
the backrest (21) and ttie shoukler belt (25). in oi^ositton to any fonvard 
motion of the upper torso of the occupant, and will limit the loads applied 
15 to the rnass of the upper torso ^hin acceptable human body tolerance, 
considering the energy level involved, and will also limit the toads in the 
low^ seat structure (20). Including the tie-down to tfie aircraft floor and 
the alraraft floor itself, within aliowatrie values. 

The backrest structure Is also pivotaliy connected by a free rotation 
20 bradcet (23) to the free rotatiim axle (5) on the side opposite to the 
device (ref. to figure 2). 

The energy absorbing function is performed in a break-over contml sub- 
assy (11) making use of a "fragmented material process" deigned to 
25 produce an initial predetermined locking momentum on the grooved shaft 

•> • <• -(4) of- ttie-backrsst -bracket' (22>, tiiepefiora-opposed^ to the - backrest^- 

rotation up to a predetermined level, followed by a continuous braking 
lYKHnentum at a slightly superior leveU 
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The energy absorbing device (ref. to figure 3) Is characterised by a casing 
(2), in the general shape of a flat cinder containing In the disc chamber 
(6) the working parts of the energy absortilng function, including 
essentlafly a grooved shaft (4) extending transvereely In the adjacent 
6 backrest frame to engage In the intemally grooved section of the adjacent 
backrest bracket (22), to fonn a rigid connection in tOfBlon between the 
backrest frame (21) and the ener£^ absort>lng device (1). The grooved 
shaft (4) is fixed laterally to the grooved backrest bracket (22) by a etop 
cover (29). " - ... 

10 The caslrig (2) Is also rigidly fixed to the seat primary structure (20). 

Inside the casing, the grooved sliaft (4) engages, via a ratchet wheel 
system (16) featuring internal graoves and associated set of minimum 
three ratchets spring loaded (18) pIvotaBy connected to the disc ftames 
15 (12) In one or several discs sub-assy (11). to the effect that the discs 
sub-assy (11) wlH be forced by the grooved shaft to follow ail rotations of 
the backrest In rsdlne or breakover, with the exception of the rebound 
post-Impact 

20 At the periphery of the discs sub-assy (11). an annular area(12) Is 
provided in a semi circular ring ebout the shaft axis. This area is divided 
In two sections : One section (13) is In charge of the energy absortiing 
function. In this section, the material is reduced in thickness to leave a 
relatively thin web featuring a limited strength, designed to absorb energy 

25 by material fragmenting process, when forced against a static stop plug 

'(I^)inserted at a-epecfflc point perpendicular and through the-diso~&i"the — - 

annular provided area (12) (ref. to figure 5). 
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In the pnsfetred embodiment, for a better balance of the momentum 
loads, two static stop plugs (19) are mounted In parallel to the shaft (4), 
diametrically opposed, through the annular area and sharing equally the 
available arcs dedicated for clearing the recline on one way and absorb 
5 tile energy, on the other way, as required by the operational and or 
Impact conditions. 

The said static stop plugs (19), mounted parallel to the shaft, are of sudi 
length as to extend through the casing, through any lug (27) or casing 

int»nal ^ctension provided in between the discs and at both ends In the 

10 casing cover plates (3). 

In this position the plugs will oppose a firm stop to the rotation of the disc 
sub-assy (11) in ttie direction and under Impulse of the badoest 
breakover and will transfer any breakover momentum to the casing (2) 
and to the seat primaiy structure (20). 

16 

The annular area (13) opposes a restriction to the disc, and the 
associated backrest, to the breakover rotatton. This restriction could result 
from a reduced width, smaller than the diameter of the static stop plug 
(19). or a web of limited thickness, or a combination of both, tuned to 
20 provide against the resistance of the stop plug, a semi circular path 
opposed to the rotation of the backrest up to a predetemiined value of the 
breakover momentum. When this value is ««:eeded by the impacts 
conditions the disc start to rotate and absorb energy by material 
fi^menting. 

25 

A- ratchet wheeKIS) »s installed between^the shaft and each one ofttie- — 

discs, so ttet the torque applied by the breakover of the backrest is 
transmitted to ihe discs by a set of spring loaded ratchets (17) (ref. to 
figure 4). This one-way momentum transmission allows the return of the 
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backrest close to its fnitiar pre-lnfipact position, to meet tlie requirements 
regareiing the allowable post-impact seat structure dsfomiation. 



6 The device is also designed to perform Its energy absorbing function In 
response to successive impacts, as might be expected in a survivable 
emergency landing scenario, by allowing, after each impact, the return of 
the occupant to his initial upright position and offering adequate capacity 
for further energy absorbing strokes.- 

10 

Indeed the annular area (13), expected to absorb energy of a single 
impact. con*esponds to the angular rotation, or breakover, of the backrest 
during appflcation of a single Impact toad, and as this rotation ls» by the 
seat installation criteria in an aircraft, limited to an angle matching the 
15 available stopping distance in front of the occupant { about 25*), it may 
be observed that the angular capacity of the annuleyr ar^ being 120* Is 
tiom three to four times the capacity needed to absorb a single impact at 
the highest designed level (16G forward). 

* •••••• 

20 This being a direct advantage resulting from the Internal geometry of the 
devtoe, that is. the compact semi circular shape of the annular area (13), 
the device mechanism Is designed with the means to use this redundant 
capacity to cope with successive Impacts scenarios. 

25 By making use of the ratchet wheels (16) ( provkted in between the shaft 

• <4) of.the backrest and tha discs, sub-assy- («)-aupporting. the annular— - 

area (12) to aOow the rebound of the backrest), it is provided In the detail 
design of the annular area (13) the possibiKty to keep the discs sub-assy 
(1 1) In the position reac^d under the previous impact (ref. to figure 6). 
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To that end, the dimensions of ttie (breed slote in the breakover area of 
the discs (14), are such that, after an impact, the discs will be retained t>y 
Jamming on tiie static plugs in the position reached at the end of the 
impact puise. In this situation, the ratchet wheels will enable the baci<rest 
5 to return to its initial upright position, and the system will be ready to 
perform the same lijnction of energy absorption, starting from the new 
position of the discs. 

This capacity to return to initial position and be available for a second or 
- a third impact, is a distinctive advantage of the Discolodc de>dce overthe " 
10 inflatable lap belt or any type of energy absorbing devices woridng on the 
seat stnicture 



Besides, designing the annular energy absorption section to limit the 
strolce to about 25** under a 16g impact is a challenging design objective 
15 in consideration of the occupant tolerance and the seat structural 
limitations. The experience has shown that the margin of success on this 
criteria is very nanrow but not out of reach to those fiamiliar with the art to 
which this invention relates. 



There is also a dual capabllify of the backrest control iS&^. Due to the 
particular configuration of the ttadonest pivot point, it was soon determined 
that one of the design objective of the invention should be to provide a 
backrest control devtee with a dual capability : 
25 - in normal flight oondittons. to control the recline at the choice of the 

- in emergency condiflons. to control the breakover by a pre-set eneiig^ 

absorbing device ; 
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To save space and weight, it was decided to combine tiie two functions in 
one assembly (1), as compact as possible, located under the armrest, 
working on the common shaft in connection with the backrest l^me. 

5 The assembly (1 ) integrates the means to allow the occupant of the seat 
to control the recline of his backrest . 

The backrest linear recline control device (19) is characterised by its 
integration with the breakover control system, working on the same 
• " - • backrest shaft (4) sharing the spaee availabte-in the disc chamber (6)- - 
10 with the energy absorption system 

Functionally the two systems are Independent and provisions are made 
to avoid any interference in the range, of designed angular mottons of the 
backrest, either in redine or in breakover. 

They are similarly provided In the annular area (22), to propose each a 
15 free annular redine slot section (15) for backrest redine opposite to the 
energy absorbing section (13). The stop plugs (19) are Installed the same 
way. through ail discs and the caeing static support, to perform the same 
stopping function in the upright position of the backrest 

20 The two discs are mounted In parallel on the common shaft (4) . allowing 
instaOation of a rsdine control lever (8) In between. In selective 
assodation wHh the common shaft, to allow control of the ledlne of the 
backrest by the occupant of the seat The selective association is meant 
to control the redine only wh^e leaving the possibility for backrest 

26 breakover without the angular limitations of a conventional recline system. 

This Is acbieved byJnetailation . of a selective transmission. JMheel. (9> .in 

between the shaft and the recline lever (8). Angular gaps ( 28) are 
provided between the wheel (9) and the lever (8), allowing the necessary 
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breakover as required by the energy absorbing fUnc^on without 
interference (ref. to figure 7). 

For the same purpose, in the opposite dtrsction. corrasponding to the 

bacl<rest redine. the discs sub-assy (11) are free to rotate as the 

concerned area has been opened to rotation by the annular recline slot 

(15) whose width exceed the diameter of the static stop plug (19). The 

designed arc of the slot is such as to allow the maximum designed 

recline angle that the occupant of the seat might wish to adopt by use of — - •- • - 

a conventional linear control. 



While embodiments and applications of this invention have been shovm 
and described, it would be apparent to those skilled fn the art that many 
15 more modifications and applications are poi^ible without departing ftom 
the inventive concepts herein. The Invention, tiierefore Is not to be 
restricted except in the spirit of the appended claims. 
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CLAIMS 

1. Aircraft seat for equipment with shoulder belts connected to the 
6 seat backrest, comprising an energy absorbing device acting on 

the seat backrest, characterised In fliat said energy absorbing 
device comi^ises a casing, connected to the lower seat structure 
and a shaft connected, to and lending laterally in the lower 

" - - portion of the seat backrest, or vice versa, whereas said casing- 

10 and said shaft are rotably interconnected via 

deformable energy absorbing means, comprising at least one 
annular area of plastically fragmentabie material, opposing the 
rotation of saU shaft with respect to said casing in a first 
direction, corresponding to a movement of said seat tiadvest 
15 into the flight direction, 

and via 

releasable retention means allovwng the rotation of said shaft 
with respect to saki casing into the directton oppose to said 

first direction, ct^sponc^ng to a backleaning direction of the 

20 seat backrest, without acting on said energy absorbing means, 

whereas tiie rotation of said shaft with respect to said casing 
into said first direction Is subjected to the reaction of said 
energy edasorblng means. 

25 2. Aircraft seat according to claim 1, characterised in that said 

— . . : . deformable energy absorbing means comprise • • 

at least one disc vwth at least one radially positioned 
annular area of pidstically fragmentabie material, and 
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at least one etop plug acting upon eaid annular area of 
fragmentable material in said disc. 

3. Aircraft seat aooording claim 2, characterised in tiiat said 
5 deformable oneigy atisorblng means comprise two discs with at 

least two radially positioned annular areas of plastically 
ftagmentable material and at least two corresponding stop plugs. 

4, Aircraft seat according dalm 2, characterised in that said 
10 deformabte energy absorbing means comprise two discs with two 

to four redialy positioned annular areas of plastically fragmentabie 
material, each extending over an angle of 0,4 to 3 radiant, and 
two to four oonesponding stop plugs. 



15 S. 



20 



Aircraft seat according claim 2 to 4, characterised in that said 
plastically fragmentabie material is selected from aluminium, 
aluminium alloy 2024 T3. afumlnlum alloy AU4G1, or any other 
metal, synthetic or composite material having equivalent 
properties. 



6. Aircraft seat according to any one of the preceding claims, 
characterised in that satd releasable retention means comprise a 
ratchet wheel mechanism providing fixed connection of said shaft 
with respect to said deformable energy absoriolng means In said 

^5- first directli^iv while pipyiding free rotation of .said shaf^... witii. 

respect to said deformable energy absorbing means in said 
opposite direction. 
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7. Aircraft seat according to any one of the preceding ciaims, 
characterised in that said siiaft comprises a grooved part 
interconnecting said shaft to a conesponding grooved aperture in 
said deformable energy absorbing means, said releasabie 

6 retention means, said disc($) with radially positioned annular 

aiea(s) of plastically fre^mentable material and/or said ratchet 
wheel mechanism. 

8. /Mrcnaft seat according to any one of the preceding cisdms/ ■ 
10 chainacterlseci In that said shaft of said energy absorbing device, 

constituting the axis of rotation of the seat backrest, is positioned 
substantially along or In the vicinity of the hip Joint axis in the 
profDe of an average occupant 

15 9. Aircraft seat according to any one of claims 2 to 8, characterised 
in that a backrest recline control Is Integrated into said en^y 
absorbing device, whereas said di8c(8) with one or more area(s) of 
plastically Iragmentable materteri further comprise one or more 
conrespondlng radially positioned annular open areas, allowing 

20 rotation of the <lisc(s) from a refsrenced position, defined with tiie 

backrest In upitgiit posHion. into a direction opposite to the annular 
area of plaeticeily firagmentable material. 

10. Aircraft seat according to any one of dalms 2 to 8, characterised 
25 In ^at a backrest recline control is integrated into said energy 

• •• absorbing device, whereas eald diso(8)vtfitht)ne or more area(8)t>f-'' 

plastically fTagmentabte material further comprise one or more 
corresponding radially positioned annular open areas, extending 
radially in the oppo^ direction;^ ailo\Adng rotation of tiie disc(s) 
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from a position in reference to the backrest in upright position into 
a direction opposite to the annular area of plastically fragmentable 
material. 



5 11. Aircraft seat according to any one of the preceding dalms. 

characterised in that the seat comprises one energy absorbing 
device at one side of the seat, whereas the seat baclcrest is 
interconnected, on the corresponding side of the seat, to said 
eneigy absorbing device via a grooved shaft, and, oh the other 

10 side of the seat to the energy absorbing device of the adjacent 

seat or the seat structure, via a ftee rotating axle. 

12. Aircraft seat according to any one of the preceding daims, 
chafaclerised in that the seat comprises one energy ak>sorbing 

15 device at one side of the seat, whereas the seat badaest is rigidly 

Interconnected, on the corresponding side of the seat, to said 
energy absorbing device >da a grooved shaft, and, on the othw 
side of the seat to the energy absorbing device of the adjacent 
seator the seat stnicture. via a free rotetlng axle. 

20 

1 3. Energy absorbing device, comprising a casing and a shaft capable 
to rotate with respect to each other, characterised in that said 
shaft and said casing are rotably interconnected 

via 

25 deformable energy absorbing means, comprising at least one 

— annular -area of plastically fragmentable-material, opposing* the'"' 

rotation In a first direction, of said shaft witti respect to said ca^ng. 

and via 
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leleasable retention means allowfng the rotation of said shaft with 
respect to said casing into the direction opposite to said first 
direction, without acting on said energy absorbing means, while 
subjecting the rotation of said shaft with respect to eatd casing into 
5 satel first direction to the reaction of said energy absorbing means. 

14. Energy absorbing device according to ciaim 13, characterised In 
0iat said deformable energy absorblng.means comprise 

at ieast one disc with at least one radialiy positioned 
10 annuiar area of plasticaily fragmentabie material, and 

at ieast one stop plug acting upon said annular area of 
fragmentatile material in said disa 

15. Energy absorbing device according to claim 14, characterteed in 
16 that said deformable eneigy absorbing means comprise two discs 

vrith at least two radteilly positioned annular areas of plastically 
fragmentabie material and at least two corresponding stop plugs • 

1 6. Energy absorbing device, according to claim .14. characterised in 
20 that said defcMrmable energy absori>ing means comprise two discs 

with two to four radially positioned annuiar areas of plasticdiiy 
fragment^ie material, each extending over an angle of 0,4 to 3 
radiantt and two to four convsponding stop plugs. 

25 17. Energy absorbing device accorcRng to any one of daim 13 - 16, 

• characterised- in -that said piasticaliy fragmentabie material Is- 

selected from aluminium, aluminium alloy 2024 T3, aluminium 
alloy AU4G1, or any other metal, synthetic or composite material 
having equh/alent properties. 
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18. Eneiigy absorbing device according to any one of claim 13 - 17, 
characterised in fiiat said releasable retention means comprise a 
ratchet wheel mechanism providing fixed connection of said shaft 
5 with respect to said deformable energy absorbing means in said 

first dlrecUon. while providing free rotation of said shaft with 
respect to said defonnable energy absorbing means In said 
opposite direction. 

10 19. Energy al^sorbing device according to any one of claim 13 - 18, 
characterised hi that said shaft comprises a grooved part 
interconnecting said shaft to a corresponding groofved aperture in 
said deformable energy absorbing means, said releasable 
retention means, said dlsc(8) with radially positioned annular 

15 area(5) of plasflcaUy fragmentable material and/br said ratchet 

wheel mechanism. 
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ABSTRACT 

The invention relates to an aircraft seat for equipment with shoulder belts 
connected to the seat backrest, comprising an energy absorbing device 
acting on the seat backrest, wherein said energy absorbing device 
5 comprises a casing, connected to the lower seat structure and a shaft 
connected to and extending laterally in the lower portion of the seat 
badcrest, or vice versa, whereas said casing and said shaft are ratably 
interconnected via .. . „ . , 

' - deformable energy absorbing means, comprising at least one' ' 

10 annular area of plastically fragmentable material, opposing the 

rotatibn of said shaft with respect to said cadng in a first 
direction, con^sponding to a movement of said seat backrest 
into the flight direction, 
and via 

15 reteasable retention means allovring the rotation of said shaft 

with reqaect to said'casfnig into the direction opposite to scdd 
first direction, corresponding to a badkleaning direction of the 
seat backrest, without acting on said energy absorbing means, 
whereas the rotetion of said shaft with' respect to said casing 

20 Into said first direction Is subjected to the reaction of said 

energy absorbing means. 

The invention also spectficaOy relates to such eneigy absorbing devices. 



perse. 
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FIG. 1 B 
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